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(57) Abstract: 

PROBLEM TO BE SOLVED: To easily obtain in high 
productivity an epitaxial silicon single crystal wafer 
having high gettering ability, low in heavy metal 
impurity concentration and high in crystallinity even on 
a substrate of low boron concentration. 



SOLUTION: This epitaxial silicon single crystal wafer is 
obtained according to the following procedure: a 
nitrogen-doped silicon single crystal rod is grown by 
Czochralski method and then sliced into silicon single 
crystal wafers, and an epitaxial layer is formed on the 
surface layer of each of the above silicon single 
crystal wafers. 
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Ci*3j<JSl] xb£**> + Jl/->y s^HMiS-fx-^ 
* > + ;l/Jf ^IST £ C t i T £ x b if * + ;l< 

mic h~-y-rzwMkmm.z. i x i o^-sx i o is at 

cms/cm' tC-TSC 1 CCfBt£L/cx 

bif *-> + JU-> 3>^*S B B B 9x-^£§3i£TS7r8:. 

K-7'-f -2>^?gg>S:. 1 x l 0 1J ~ 1 x 1 0 ,4 at 

cms/cm' ictzc tz&mt-rznxm 1 

2 «ciess i- /ci b 5? * > -v frzs y 3 ism&a,? x 

f - ^ o ^ y 3 >jim&a*§£ wiK-r s irk . k^ssa 
««c^r s n-s^raMSrflS*. 1 8 p p m a fcJTfC 

*» l aetata i/fcib'j+i't y =i >#*sn 

?x-/->tc 9 0 0 -c~^ U 3 >©at*«ToaK©^ 

i^-rn*" i «(cfflss L/fci t:* * »; a >#*sa 30 
^x-^^K^-rs*^. 

mumctimkffz imm 5 ici ess t fc x b * * 
o. i q • aM±ic?zctz<tim£Tz>m*mi 

Lif^6 O^rtiir- 1 Relets Ofcx bi» + 

mmm8] mmitt^bmmnc^SL^tcism 40 

tc«fc ot«g3nfci b**i/ + ;l^> 'J 3 x 
[IM3I9] xbir+^+ji^y 3>#*gA't>x--,'> 

Sftfci/ 'J 3 >HU£JI&£ * 5 -C * L tm h txtcty 0 3 

<* ntt,> -s *>© -c& s c i t -f s ^ e i» + -> ;p 
m>m i o ] Bijiet"; 3>^n,ox-^©^?s so 
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flE*«. 1 x 1 O'^—S x l 0 11 atoms/cm 1 "C<fc -5. C±£ 
mWL 1 1 -5»ft*lH 9 dCiE.iS.Ltc X b£ + JU-> y 3 > 

immm i 1 1 striae y 3 ^isA^x-^gj^g 

g*^ 1 x 1 0 ,] ~ 1 x 1 0' I, atcms/cm'-e£>5C 

mm. t -t z mm 9 * M*m*m 1 0 tciais ifcxf$ 
* ^ + ju^> <; 3 >iiMg a E i'} x - 

Cifj^l 2] ii^iii nciatSL/'cxb-$*^+;u 
i^y^v^Bl^x-^rA-or. xb£ + ^*;na2i 

SCD^PSS^O. 3 ffl/cm'OT-C<i5?»C tf 
-5,xb$ + -> + JU>>i; ri^^S'i'X-^. 
[If 3Rli 1 3 ] StriBv' U 3 > ^g-Ji-zMD'^ia 
l 8 p pmattTr*5C<i:*#^i-rS 

m*m9K^ Lmmm 1 2 cd^ rn*> 1 gtw:ia§8ofcx 

b^+^ + A^y 3 veji&JI'f x-^ 0 

1 4 ] Bufs-> y 3 >*ea»5x-^(a:. x b 
$ * + ;u^smog!3gfiTtH^ffl{c <± «3 jgfixs ns^ 
MVitiiWKD&mft 1 x 1 O'fl/ci^JSiit^S^©^ 
mmm^ty 'J 3 ^^ll^CDas-qrowriy^TWr S C £ 

£#8i£-r-2>»#^9fci>bft#Jii 3©c»-rti^i^ 

tclBtS L ic x b * -> + ;u-> 3 ^m^Sal x - 
1 5 ] ffffB->U 3>#^S^x-7^*i. 

gBicxbir+^-f^e^^-rsBiffc. 9 0 o*c~->'j 

C<t^a4£t-.2>it*Ii9/j:^Lf»*lSl 4<Dl»-Tn^ 

1 JiKtass b fcx b if + ju-> y 3 ism&&y x- 

CW^Jl 1 6 ] buIE->V 3>^H'i;x-^*i, «H 
g|5(cxbif + ^-f;u®€:^T^HUtc. ^FrSIl^ 

3 O^f^CD^ffi^JJDA^tlfcfefD-C^^C i*«««t 
f48ll*3a9tt(,»OBI*«l 5©l»rh*lflI«:5BttL/ 
7tx b * + 5/ + 3 ^(tSft-i; x 

1 7 ] WEfy3>*ttH'*-^K. »■ 
SP«: x b if * -> f ;UB*J&£? -5. BcfO^a^tcfcc > 
r. '5x-^«JBpB©^a«-9--YX*i0. 135umW± 
O«S*0. 1 2<l/cm I «T-C. a*oM**fttM»8J 
fflfCt *) JfJfiSS nSS!«tlTffi^lS5K* s 1X10 '<i/cra J 

lifi^ii 1 6 caa8 Lfcx b z + * y 3 >m^ a s B 

Ci«3}?^ 1 8 ] fTiB->y aV^Mft^x-y^fiCi* 
*\ 0. 1 Q • an(5l±r*4Ci 9 
fe^US*^ 1 7<Dl>-r*i#> 1 ^CclE*6L/cxbif*~> 

[0001] 

M§iWLWJ>*£ < . teHtttcgtifcxb if * + ;U-> 'J 3 
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[0002 ] 

[ fi£*©grrt5 ] it^^f^-V'JayfJS^i-^ 
fc„ MOS LSltOUTfc, 

ft-c^s. se^c, ^';3>#tes^NFfc^AS^ io 

•5. UbH>4Grown-inXlK<):5DRAMOi 
[0 00 3] C©<fe'5^*^f ; ^-i'^fC^ffl$nSx 

1 X 1 0 5 atoms/on' ii(Ti#^. 6 
^^StffcC:M"i«fc£>fcl>„ 20 

[0004] c ©«t 5 !&it^s^^?r<sM $ -a- 
©-- ? i l r y » * u > * a* ©mstt# ststiK 

>\m.<DW& <«*.«, 3 X 1 0" atoms/cm 3 fcLh. 
0. 0 2Q -cmWT) am^tlT&O. -?-<Dfcit>xb- 

mc <fcO*B*3 n/casffitt© -> n a ■> x - / ■» 

[0 0 0 5 ] L&L. ^{iCMOS^^V^ffiODxf 30 
•3 fctetfa>?Sl£©S«#fflt>6ftS*aajj&iiS< ftot 

©g«r * ~>xt>, mmc iittty-; # y > y#g^^F 

[0006] * fc, Jgft$#0 . 1 Q • cm*«©iS^n 

9. 7«**««Sffl*6xi;ir4 s ^*'WirttCHffl^ 40 
*ffi»R:J:-9'T:«l«3iia*i4*-h K -b L 
*>r<&*£i,»9IBMl:W*-5. c©*-h K-f>y«: 
cfcO> xf3f + ^i-;l'@or)fi$i^*^'fbL-Cl/S 
*. IMSiO.tCi-jtCVD^-f^m? 

. ^BttRtfa:* H«r»ftS-tt*JlR 

[0007] 

c»»W!?ifcoj:5&Tai!i«] *5&mc<D&*>tm 
m.$. icmz- x% s h tc &©-c. x t- * * •> ♦ ji/ -> =i > 
mtts-^x— ^©gffiib-c. is#p>?,gg:©sig©y so 
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r i> v v * >j > y #8^3 * h % *&m&mmaufi& 

< . ISftttecflftifcx f £ * ^ + 'Ui> 'J 3 >JW&B9 x 

[0 00 8] 

'Jn>*M&^xw^ftJILfcgL .^'Jn^a 

£ t x f ar + > * =1 >mt&&'y x--^m 

[000 9] C©«fc5«:. xe£*w;l,->yn>3M£ 

acx-^%»^-r-5^ffi«:*jt>r. 

^x-/^^cA^XLfc^g. Wr> >; a >ftBs>)i-AoS 
@ep«cx e $ * -> -p )im*%!&-rz>i: ^c-rntf, y 

tfexf^ + ^r-'U/lff^^cig^y ^ y >y^i*^ 
WfS£*«c. *jKia>i*ttoK««:*5«.>t:tyv*u 

f ^*^ + JHBSrWr5xf$+^+-»Ui/y n>SM£S 
-7 x ?riijgT 5 C £ as-C fif S . 
[0010] c ©ti^. «2}?ra 2 (ctsiSU/c J: 5 tc, ^ 

4. 1X1 O'-^S x 1 0* s atoms/cm 3 tCfZCt i)W 

^RgOSSS^Tt^cWflJ-r-StCtt, 1 X 1 0" atoms/cm 
3 Jit±«:t- S©*^ LWii, 

^C-r-S/cS&tCtt, 5 X 1 0 " atoms/cm' WT£T -5© 

[0 0 1 1] $P»CCC©ti^. **qr3»Ciattl/teJ:5 

StSS?:. 1 x l 0 ,3 ~1 x l 0 atoms/cm 3 K: T -5 C 
[0012] Chit ^lS?/SJK*i 1 x 1 0 13 atoms/cm 3 

tiZtceb. WfUXl 0 0 0X«±©iS?a-cxb-ir^^ + 
;wsft*ff-*rt>. BBR«fHj***W«"r*c£«:<. x 

b- 5? * -t. JHSS?^©K3R*Ttmft*QS}S*cK3R*f W«Jffi 
S*Uxi 0'<@/cnt , Ji(±<!:^Sxb-$*-> + ;U'7X- 
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fc. &mWfi 1 X 1 0 " atoms/on 1 WTtthtf. X 
+ JUJi(C»Jd63ti4»Ji«IB (SF) &£'©IS 

*»»SWR#flHJlMaaiBv Witt*. ^#ffl^T"C8 

oca 4^m<wiMaa*ffr»*:a. wm^mmrr-ci 
ooo'c, 16 tmvweM&Vr *>£o tetsmo c t & 

COO 13] W^4CCieiSUfccfc0tC, f 3 J 

1 8 p p m a (JEIDA: B^Wf-lDBglS 
tS#»t&) «T«crSC£#J(?£U>. C©=fc5K:. <6 

ttCC»ie**J£DSC4«>£j>&l». -77. -»UH»aW 

#5. 20 
[00 14] 5 fcJC. iS*^5CCiHiSL,/c«fc^{C. i^'J 

rSMCC, V'j3>#*Sa'i'x-^(C9 0 cc^ya 

>»ISa ^ X - ;\ CC 9 0 0 'C~ is ') 3 >©®l *WT©fi 
KO»Maa*aiiLSJ:5K:-rntf. ^'^^JgJi^x 

^c£*ir-#^fc&. xt-**w;wi©itea&«ess5 30 

®tf£D&C££K&<-C£#-C£X.„ lfcif^->t 
UTU£l<>ffiffl#|3C6£r<ft&<fc5&C£fe#<. jfc 

cooi5] c©±§-£. mm 6 tciBis l /<: «t 5 tatuf e 

U». C©<fc9(C#H»***3K. ^RStttf*. 
cn6©il-^^xr*fiB. £iia8l(cJ:i3^x-;N*ag 

biieaa^Ri ( o s f ) &#sfiss l tc n . j&atf 40 
£ 1 3 0 mm*.**. mMmo®mt+ft±<.fz ctv 

[0 0 1 6 ] -£l/T. *l6W©l»*B7«ce48l/fc»M 
r«. S^V 3>JJU&a9x--^©fitn^£. 0. 1Q- 
anW±«:r4C££0fc. *»W©Kifiafa6». C©<fc 
5 tt**tfi*©«Kn >iftS©fil^> U 3 >#itea ?> x- 
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*HMa&©<£l» xe^+f + ^x- ^SJifrr 6 C £ 

wzztctb. cmo s^'U xm&w&mcmmrim 

«:<tifc«6^-- h F-e>yfc#Lr©SftSI4>*g£fc 
9. ^tt:tecfctf3X h©##«rc£*. 
[0017] ^LT. *^W©S8ji^T»3t$nfci/ 

9©^^tc. xf^ + ->i-JU->y nvJ^H^x-^-c 
*ot. »xtrjr*J^i.Jl/S/»;3>^|tS>>i-^tt. 
f - 3 t/ * -£(C «fc TSSS* K -7* L, -CW fiSS ft 

/c-> y 3 ^ 3 ^ x 0 -at en/c -> y 3 >m 

^^x-^w^ggpcc. xf^+i/+;najwefissn 
n,>£4>©-c*s. 

[0018]*l/T, C©*&£\ 31*111 0©J:^(C. 
i/'j3>#iga , fx->'N©g^gS5r. 1 X 1 0 lo -5 
x 1 0 11 atoms/cm" £ U fcS^ttSMaHl l©«t^K: 

1 x l 0 t3 ~l x 1 0 14 atoms/cm 3 £T*C£*i-C^ 

3 >#*sa # x -^(c x f * * -> * ju® zBfcz nfcx 

b'^+t^ + Jl/^x— xf^^'>+;U)B©i|gatt*s 
S6(cia]±ufcfe©£A«ci 0 

[0019] «f«C. 1 1 «CieUU«:«fc "5 K, U 

^^llgS^i-^CiflM*, lxio"~lxi 

0 I4 atoms/an ] £ Lfc«^«. «5fSI 1 2 CClBlSL/cJ: 
^CC. x£**->*^S«ffi©$CRigg*0. 3<l/cm J 
fclT£-r-5C£*5-C#-5. C©J:5K$^Oxf$ + 

f v 3 >^L*ga x m mcommz f - 3 - 
xed»*->-r;ujl«®©^RgffiK*ti 

HtCO. 3fl/cm l £S»T>'h$% 1 b©£^-SC£*i-C^ 
4. C©<fc -5 tcm^x t'* + i/f JUJB©ilSai*©te«£). 
C ©x b' ^ ^ f JU x - ^ * t 5 ^- -C ^fPStcflat»fclS 

[002 0] $?ciS^iSl 3©Jr^«:. i/';a>^l 
•5x-^©^ii]g^:. 1 8 p pma«T£T5C£fe 

c©<±:^ic. <BK^e©^ , ;3>*jg B i^x 

-^©^fficc x f 4? * + JUJS &fcf& 3 *\/cx f if + -> 
•p;l/^x-^-C4>n«. *ffiJS-e©H*Wtti!^©}Bfi£{c 
it^yt ;Hl©i^att{CM§JS^^. C 5, C £ 
fci?>ai>. -7?. /<;U*»"CB. aBR©ff«E(C«tOB«R 

ffmaWKtSftaor. ffiK*£Lr*>+^tcyv^'j 
>^s*w-rs&©£^-s. 
[ o 0 2 l ] 3 i 4 ©J: e> ic. h?ib-> 3 > 

%^a 0 x - ; Mi. x f ^ * ~> + ;l/fifi5»©g«R«TtBiKl 
*Q}JI(cJ:!3f5fiXSn5S?^*Tta«5©fBS^ lxio'f/ 
on 1 Jit±£ *S3K©^*tH1^*-> 3 >m^a«©as- 

qrowntttS£« < 'J 3 fritffcf*. ^ 
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[0 02 2] ^WOif^ + i^ + JUi"; 3>*l£a9 
x-^tt. If* F-T'L/ti-'J 3>*J^ffiS? 
•S S fc» > f 'J 3 ESS S Mtc\M&<D as-qro 

„ -€-©fc#>ilSS©x k' 2 * +• JU)&g£:te CttoT 

fi»<0»?HIlK«i«««c. SHRWlHaflJflM 1 UlO'f/ 
on'feLhi&S, JR^v aM;>#Afr#£fco «>©£■*- io 

[0 02 3] C ©*§£■. fS^GSl 5CCfESSU/c<£5{t. 

tne •> 'J ^ ymmn, v x . awaKc x e * * ^ * 

)l-m&fcl&-? : &wttC 9 0 0 "C— > y ^ >©»<&&T©S 

^ * + *j$atr«: nM&a*??*. i*. i f is» + ;m 
«c«jsss ti iflra^K ( s f ) © <fc 9 &*p§©2i£#sp 
frJSftS. -e©fc«>. c©<»:5;Gr>y az/iMSa^x- 
^©aass&cc x f * * + § nt t,> i> x tr * 

ju ? swam » <f%m&m? ztctb. ifM 

^■^;U^"Jn>^a-?x-^©«lgB©xf^+'>f 
«>r{!£t»4>©<bfc-&. 

[0024] ifc. C ©»^lt*9 1 6 (CfBt&L fc<fc 5 

5c. 8fflE2/y3>*i$ft$x-/vw. awasjcxt;** 

cn5©ig^^X#H^T-C, 4>fc< £«>3 0#fB©i» 
^&fa;£6tifcfc©£-r C©«fc*>& 30 

«fc fj 0 x - ^flffifc: O S F <D5££. J Pf&m^<Dl£&W&%. 
-5*C <t«ttt». 3 6K*«H»SIBH;fcl>fc < 1 1> 3 0 #J£l 

rfiys-r-scitfr-**. 

[ 0 0 2 5 ] ^ Or . M^qi 1 7 CClEtSL/ci 5 tC. f5 
IB-> 'J 3 x -Mtt, RJf SBJCx f £ * ^ t- ;l/ 

mzB&rzMoymMm&icis^-c. ■sx-^^jisq© 

^fiS^-CX^O. 1 3 5 ymJa±©^WS^S* s 0. 12 
ffl/cm , tTFT\ ^oK^»ftB^Il«cJ:0^§n2)gf 40 
JWrtttWeflEtf 1 x 1 0 , ffl/cm J fcU:£ftS4>©£-f £ 

[0 02 6] C<D£'?lC%:8iW<DX-Z5> : *-> + >\'!/<) =i 
>*fea^x-^tt. itif + ftJU^JjStililO 
-i;x-^«. ^©gtJigfKCfcori;):. 0. 1 3 5 /imtt 

±©$a»«s»io. i 2«/cm , eiTt. ^n©-y-rxs 
t>lg]g£fcicffi&r/h;*&<S>©<!:&5. — 2r, nju^gp 

■CtJB^Wffl^ffiS* 5 1 * 1 O'fl/cm'fcU: 
©<b&3/cs!>. xf^+->+JU^y=i>*ifeS^x-^ 
©a®g|5©xt•^^*»>+;^)a«ISa^4*^^*D^!)r^^f■c , so 
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[0027] Ste. IS3JS11 8eceaSL/cJ:5«:. if 

x-/>©ffiCiSAi0. 1 Q • cmfcLhiTS C i* 4 "C^-5 
&jfi©C MO S 4 7- J8©x + + Jl/-> y 
n^feS^x-^tcsaffl-rSCbdi-C*. *-HF- 

+ y n >#iifi$ x—n i & -5. 

[0 02 8] tiT. #«WK-3l»T3 6K:#jfiTSJ&*, 
#ISW«C*l6K:i®3feSft*«>©-C«&<,\, ^BJtt* 

;Ui^ -J 3 >^*§ B % ■> x jS-T -5 rc4?)©SS ■> x - 

*«^5«i*iME*W«>-C^ $ I ^SttJCftti/cx 1 5» + 
y n >m^^x-^5rig^at4-cf§^ CtW 

1±/cfe©-C*§o 

[002 9] "Ttttofe. ^**~> y 3 >#S H ^(C F — 

«*Tasiasa*siS< tcsc <t/u^3nrt,>* (T.Abe 

andH .Takeno.Mat .Res . Soc . Svmp. Proc .Vol . 262 , 3 ,1992 
[0 0 3 0] LWot. CZttKiOV'ja^Wia 

«>5 x - ^ *»s c i * s . * 1/ r c <o i"; a 

^CiSiir. *toe*TS^JR^*6^RS©iJ>ttl,»x 

[003 1 ]*L.T, COJ: 5 (Ci"j 3 >#ttftWfiJ» 
JcSBR* F - 7 - or SSj§3 <i/c-> y a >*B»9 x-/> 
(i, fc£ xfg^'a >rgsr * r $>m>y 

fisg § & icm^-c h . msm^tm* v v % y > r 

<h*<r#-5o C©«fc^K(£,Kn>^a©S^ffl 
CCXf5f + ^ + ;UfiXS€ff^.«> h F-f>^©W 
H^tJftrC'itab. h F-f >d/tcj(frs*f«fe^ 

[0032] 

f - ^ o /c-> y =i > wsa#*i»(ai-r * «c «. m 

x.&&ffl«G60 -2 5 1 1 9 0#«Cf2«SS*irt,>SJ:^ 

sc^*a©^ffitc «t n « ». 



9 

[0033] -f £cfc>*>. C Zmt. Ei&ilVtftptatm 

s^y^rtfc^b^SrAft-c ^ya>i&$qa 
{c&<bgj*&A-f**>. #H^,^^*^3g*#tp#H^ 

(00 34] C©±5K:. CZ£«cJ:or#*MH**W 
5Gr own- i n*PS©l£g*ffl$fl3tt*C <fc*s-CS 

[0035] «t^ya>#*JWifcF-^*4. 

X 1 0 l 'atcms/cm 5 Witt "T £©#&?£ LlA, CfttCJ: 
orlBR«flll«*JS*^»CCi»<-J-SC4**"C#*. - 

x l 0 1 ' atons/cm" >#*SS©i|«§ 
S{b-€-©&©#l!RW$*i4©t\ C©sSg*fi;t&l>J: 

[00 36] 3 ^rflStt 1 x 1 0 1J ~1 X 1 0 
" atoms/cm 3 5CtW* LA*. CWJ, gSBifflS 
*51X1 0" atoms/cm 3 ^±t?*ti}*, itffi-e£5£ft& 
^W^as-qrownttSeT-BgllfC^ESSn^/cto. 
«1 0 0 0'CW±©S&-ex££*WJUJ$g£?ToT 

SRWttfttaftt* 5 1 x 1 0 , ®/cm , fcJ±ift£xe:S'*^ 
^u^xw^jcgsi^cfl^-rscitfT*. $.tdm 
mSt&ifi 1 x 1 0 1 4 atcms/cm 5 &LTV *fttf . x fcf 

S'+jt'jiK$&3*i&mftR (sf> &<t*©*gji*ps 

««0<ftI#J3n-5*>6-C*-5. fcfc. as-qnowrtKSgr 

[0037] czffiicior^* 

#± U». ~> <) 3 >*<SS*<Dffi3RiaS^ 1 8 p p m a 
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<&£©-?. c©<t^tcffigE^i-rn«. am/fr-©® 

■©ISiltt «: CaciSrHKCitf-C**. 

[0038] j/ y 3 >iW£ B B B &£WJd<;Tr srsk:. 

ftSWR«K*JbJB«H«CffiTS ttiarffitt, fi£**>5 
tt©«d>. *A#*««©W!ll. #HME*©fiT. v 

y ^ >»*<oas»?s*j j: w»i6©Ha»©#s«: «t 

r. BW16C±BB95«flE«Hd:r5C4*iH13fc4. 
[003 9] c ^ ir, c zffitcte(,»r»fSiSS©SSR 
*s K - -f <* ti. *S*XIB*J^«c t » <t i 6 tcff M?Hg©l8 

mojs&ic Litm>. nmjiz. v -ft*si,>«7 y+v 
20 x-z^jcftji-*"*. fe^A,, cn6©xe«^j/WJp 

UfctCii'^O. C©ffe(C*>^, «U8SiI2?«* ©X® 

[0040] WC, xtr^^j/ + ;l/JsRfi*?f f# 
e>htei/ , ;a>*feg')i-A(c9 0 0°C— >y a>© 

ffiL*«T©«as©!»tea* •& c«t *i» * lc c © 

30 [0 04 1 ] ->y 3>ms^i-^ai©gi^* 
i£ffc'rs©«, ^3R©^R«fffi{Sj^Sm«: cfc «3 . i^ya 

>m&£h v x -j\jmm<Dx tr $ * ^ + ;u« *ff$)Sr s 

if$+^t ^JB«:Sj^»*Xti-r C 4 (SF <D&£.tj; 
[0042] C ©*§£. fi»©^ y a >cfi-c©ffi;tJ[jiS 

^{*^^ffi©^fr<tLT«. 9 0 0 - C~->y a>© 
40 ^.JilT. «k 0» * L < « 1 1 0 0*C~ 1 2 5 0 'C©S 
KffiHT?tfft5©*i»$l/l,>. C©<fc5&fijS^H-c& 

-££C£#T£-£©T\ ABIIC^i 

ana**. 

[0043] ttc ^mm^m^m^cit, if?t 

Jli&mZ'rtS Btf{c±I2©^iail*tfh.-r, ift^x f 
50 jf*i^ + ^jaEft©fc»©*jW»«ia*iSll*>4i. K^frr 
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icmmttm c <=> -r . vmmtim f> *i n t 

mas&<D * *5«>r fit>x b # + •> f y n >$m*s 

CO 04 4] C0W»«ffli*-r4IR©»H»iOrt4. » 
{ciE5£3*i*fc©r«&< . TkSfl. Sfc«T *=*■>*¥© 
^RStt#*> *4V»rac*l6©»£*/*. «^K«fc-9-C 10 
««3Mrt?*-9rfcat». L#>k. S£B5i#&3ft©t§£ 

3ii-.5C£#&0. £IICCMt:HtfliEMS4 < iSt:£6& 
*B«cBKtflW*»sS3ti-C0*5i. C©BMt«* 

«tt©fcl»*H«©#*i»* U». 

co 04 5] *&. uMBiecttsriiaiiLrtt. m 

«HlRIB**fflita5 #WT©Jt«S8^li$ra©*§£-fcra. 
RTA (Rapid TTiermal Annealing) §Sg4 0r»J6tX 

©&A&s#'5jfi&ft b - * -*iiJ***©J»*!HiiF*«v>r 

co 04 6] ^wtis^-aj, xt**i/+ji/ 
^y=j>*ISfi^x-^©a«^i-^{c?S*ra>?fiK 

©s«*fflj.»rK. mw. «es**n oq • cm©®* 

a>iSK©»«*fflt,»4c:<b3&st?#S. C©<£5&<£*' 30 
a>«K©»R-c**U«--- h K-b>^©f«!S#s£D 
S«©S®£S iCWoTCVDa-t 
*>**fT59©«3*fT5ji«i6*«Cl>. •€•©&«>. £ 
*ttte«fcc>*=i^ r ©SJc#a*W»-c*S. 
[0047I-J. >>'j3>m*SS^X-^©M-;u^g|5 

>?<§g©-> y a >*isi>$ x-;\r*or t-HHcy 

»>;>^**^»-r4C<i:*itil*€>fe©<tife-5„ c© 
fc». SfiSi©*S±(ct^^«!>rfi^^i{««J^RI© 40 
d>&l >x b ^ * j/ + )im&Bf8.T z> c <t*i-c * h . 
C0048] 

CXtlPf] «T> ##W©S»W*j£Crtfc«W*a|6tfT 

**WK8i9!-rs*j. 2M8^{*c*i6 Kisses nst© 
(ms« i . &«m i ) c zffijc j: o . m.mi8 4>? 

©5»Uf jKK. JJrJg©^©#a>*»»ofcJBlf4£ 

<i oo>©iB^. a*©5i*±t/a«T?*s. 

1. 0mm/m i n©jSa-C6*?l#±Wc. -5-©^^ 50 
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4#©3l*_tW r r«. M4>f>tc*&*»t;*WI&JRM* 

©ttJl©5l*±Cfr«9BR* K - 7" U *fc. 

<MSfl«t>©It*ii«*i 1 6 p pma (J E I DA) i«c 

C 0 0 4 9 ] F-7 0fc#©4*©*Sfl«©J«&" 

©SBR«1S*FT- I RtCj:»)*.IJE0fc4C>&. W2* 
«1. 0 x l 0 1 'atoms/cm 3 tNfcO. » ») © 2 #tt 5 . 
0 x l 0 14 atoms/cm l -C*^fc (tiBR©fl»fflHK»^|t 

5. ). £rc. B#T^T©*l6ft*©lBJSil!S4FT 
- I RicJ: 0 SMje L ft: <L t 5. £©*§&& 1 6 p pma 
©H*iiflC4ftoTt>5C£)&ttBbfc. 
C0050 ] CCr#6tifc6*©*iteS1f*»6. 

•^y-4fflt>tr^x-v^«j«3ai/. ®mo< 7-;h'> 
aiBBWBHiiiitJiOT. sbr©f-:/ 

©W&. K-^Stt?f©^fr»«tflBI— iOfe. 3 SSI 

©as6 >^©-> y a>*BjM«im , j'x— ^* etftff 

SSfl-ft:, c©84k©!^U3>4MAJ|<»x-^omFt*« 
#J5eU/c<t 6$<t€> 1 0 Q • ant?*-? A:. 
CO 0 5 1 ] Cft6©3ffiS©SJRF-:7fi4fco6tfc 
©as-growntfeai©^y 3>^fea->x— />©lSni«c, § 
* F - 7'fi#|nJ D 2 fe©-> >;n>^x-^%©^^l 
1 2 0 0 •C-C. t "5 1 fea 1 1 2 5 °C-C 5 ymJIS 
©«> ij n >x b * + frf&A&'ir itc. x tf* * 
;ufiSS*p« -> u > ^ * ^"©^ juy * rttc 2/ y a >s® 
*«MW'5-9-t7'**HaB0fcfc©r. sn^^s«$§s^ 

flnS»^©t©40ft:„ C^KSiHCl,+H,4*A 

f+Vt^SJtfc. •?■ L"C. IvTflOfx-^fc, 
N, ^^^HStCJ: 0 8 0 0 'Cr 4B$|HI©J»«ai©a. 
O,^^#fflm{C<fc0 1 0 00'CTl 6^Pa]©^MS(tC 
«fc0. ®**Ttfl^«:tt : tB3-a-/c„ C©^ Cti€.©xb 

^ * -> + ;i/ y a >ig3£ji •> x - ^>©y 9 *y > 

.4. v V 3 >^ x-^©^ju cfJ©KSRWHJ*JiSat?fP 

[005 2 ] C©M3R*fffi«»«flC©aB)EttO P P (Opti- 
cal Precipitate Profiler) S"Ctfo/t = C©OPPfe 

©r. &irytmipt>-ctc\s--iritzmyt-?v xat?2* 

©it^T -S 9 0 • tft ffi^Stt s a^®5t© b - A Cc^-gt 
Lr, ^x-^gSffilJa^AJ* C©B#l-?©b 
-A*i^RS*«^<!:{4*Ii>7 h*^D. 1 o©b . 
-Ai©fi[tBM*^C4. C©t£tiM*^x-^»ffiS 

a&cc. <g3feT^7'C-y-tcj:o«ia-r.sc£K:<to^ 
fii^tsitb-ri. 

[005 3 ] C ©«te*Sm*0 1 ICnkOtCo CCtil 
©£*^. F-^ML. fiBR 1 . Oxio 

"atoms/cm 5 . §^h'-7'15. 0 X 1 0 1 ' atoms/or © 
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T-x 'UfiggSrtT ~?tct&0T, =flf^n» r 

til 1 2 5"C-Cxfii+i/+;KjKg ; &tfo/cii^0^lg 

[0054] BliO, SSRK-T'fi^l. Oxio 14 
atoms/cm 3 ©Jg£ & . 5 . 0x10" atoms/cm' ©!§£• 

h'-^L/c^x-^a, i i o o # c«±©?iEjax tfigs 

*fif o r as-qrowrittSSr©®tlR«f tbtftWN W & C <!: 

CO 055] (H*fi^2. tb$5F!l2) i|BJ«© 
CZScttJ:^. KS8^>^. FBI (#a>K-^) . 
7j{4< 1 0 0 >©*#SJM**5l*±tffc. 3ltr±tfaM6 
til. Omm/min, 1. 8 ram/m i n©2ggg£ 

Igor, sm&B&fis x 1 o*\ 5x1 o ij . 1x10 

» \ 5 x l 0 1 4 atoms/an' © 4 «MO*tt A» i . ttM 
F9<hL.-C5l±lf2Kl. Omm/minTff^>F- 

->y 3>m«*s«s , i'x-^%f^sibfc. fBKsnfcf 
i; a>#i(gagiffl<?x-^©fi!n^«^-rnfciKj 1 o q 

■ cm. g$tr&KiJ 10. 5 — 17. 5ppma (JEI 

da) (omrnvbitc. 

[0 05 6] #fC. xe**i/ + ;l/fS«SS«:feflHvc. 
cn60i/'J 3>^BS^X-yN<D^M6C, 1 1 50'C 
Ti#ra©*3t^-?tc;&t, 1 1 7 o -c-c 3 a m©J? 

cneoiff+^tA'iii-^KXiw i ±|ejd#& 

©IS**ig2tt:fi*l,fc. ^©SSSUrO, JHkMl&H 
«tC. SIR K-^bfc^x-^tt. 1 0 0 0 'CJSUiOx 
\£i"¥i' + *J(5i&i1=r1&~>Xb> as-qroHTiW.m-e(Dmm 

©*ibi. oe + iobi. oxio'.'Swtm. 
[0057] <jntM3> xtkm tmrnoczmtcj: 

BS8 Of, PS (#P> F-7*) . 1 0 

6 ><o*#sa»«i*±ryf/c. 3i#±tfjie:« i . o m 

m/min. 1. 8mm/m i n©2SSil. W 
m&feft 1 x l 0"~1 x 1 0" atoms/cm 5 <b&£ffiR 

isi) 3>flMtJ|«H'5x-^©«t!v*»*W 1 0 Q • cm. 
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©Sgjg&ti 1 0 ~ 1 8 p p ro a (JEIDA) ©t5Hr 
[0058] &tC, itf$4 ! i' + Jl/S!ifiSa*Il>tC 

n6©'> , ;=i>mt£^'5x->'N©«Mtc. ii30'cr 

l^'fffl©**^-*'^*. 1 090'CTl 5(im)?3 

e^+sx+AfiSfiaflDaffioajB^rjB (sf> &£-©,*§ 

S*KI?&£4 S P 1 ( K L A f > 3 - JltttMr&g ) ic 

±«)m>. *©fs**ia3«:7ni/fc. cneoi 

^ft&Hlte J: zyWMtfx tii fyifflfi. £ ?t & -> tc. *©feS, i» 

rno^x-Afe i x i Q'm/<rfM±.<DmR&tii<ws 
m.* m l x c i -5 c t urn tc. 

[005 9 ] C ft 6, ffiRtt&Pl * 1 0 1 ' 

~1 x 1 0 14 atoms/cm 5 T^nti, it>tJ/t*lji 
ffi©ttS^RS©«ti, 8 A > * £ x-;vf 1 0 0 <BW 
T. ?t£t>%. mo. 3ffl/crf«TO50B*fltC*»J. 
*T1X1 0'ffl/crirJ^±©^tfrffi^fg£inrS-> ' 
3 > x f * * -> +• ;u x - #{©|tcf# 6 ft & c £. a* 

20 flfr-otc. 

[006 0 ] (5QKOT4) iKMioczffiecj: 
0, BS6 -C>f . PS* (#n> F-y) . ^{4< i o 
0>©*l*a»«:?l*±lf3Utl . Omm/m int5l 

-^©ffi£iSS£U fi[3fii*ffi# 1 x 1 0 14 ~»5 x 1 0 
1 4 atoms/cm 4 J: 5tCbr, CO«@A««>^S/y 

ymi&ihmffiv x.-^<Di&Vimim i oq ■ cm. ra^ts 

g«tfjl 6 p pma (JEI DA) r$n/c„ 
30 [008 1]^tC, Ch^'Ji-AiCit^+i/i.)!/ 
fiSg^" S wKDmmm t L X r> > ^JJimSC© RTA < Rapi 
d Thermal Annealinp) S«g"C$>Si/3.f"-< 7j i* "7 
-f^Pf-'^ -{yf-ti/atJUilCSHS-ZS 
OOSrffl^T^l/aifflSrtf^o/ci C©B$©^il^ 
tt. 1 20 0'C, 0~3 6 0 0#. #Hla«H 2 2 5 
%, ArT5%r*4. 6 0 #«±©&MIllt*, 6 

[0062] ^©^illfJ^^x-M^ncD^RSSSr 
40 (XPiWWXO. 1 3 5*tm«±) *Bfi«fWfOSD 
A (Optical Shallow Defect Analyzer) £^t>Tf , !2c 
U04tcmUfc. S/c.. Cti^cxt'^^v-f JUgKSmi 

L, •>x--'A©^N'jU*'cti©^|lffia[ (BMD?5ffi : Bulk 
Micro Defect^) Bio-RadttSJ. ^SKtHMS^g 
OPP (Optical Precipitate Profiler) im^XM^ 
3 0um©*«*|«SLfc«S**H5K:«r. 04, 5 
©M*^6, r--;U^W3 O^i-CStlltC^BXPfB 
(iiiS^-rSTii. $ i U S B MD 25-5 tc tip 

50 S^cM*S'£DrC^«Cl»C<!:ASfl|?.„,-r^*D-»5. if** 
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3 5 u.my.±<D%ffim*6 0M1U 

b frbmmm uummic^ *o bis. s n zmmtf a«joa 

flW* 1 x 1 0 , <l/cm J fel±t^S^i-^*^SiiSn/c 

[0 06 3] ac«C. C©JIM!fflftlfiLte'?i— »\©«ffl 
JC xt'f^VtWSMai^tl 1 3 O'Cl^H 
<D7K^-^(C^#, 1090 , CT15(imOf?O-> 
'JnxXk^ + VtMl^fifeO, C©x + + 10 
jU*x-^©iMfc*WE!»tt (TZDB#fiteJ:i>TD 
DB#tt) *f«Ofe. *eDtt«*H8. 7KSL.fc. 
[0 06 4] CCt, 06 ©TZ DBCDfitSr^itt^''— 
HBffcJK/52 5 nm. y-hM»8mm\ *iJS»S6ffl 
lmA/crf, SSO^ft=Tr, fMt»t»E#8MV/ai 
Jii±£W-f-2> *>©©*•??* 9, 07©TDDB©H D t ii^ 
£«. y-f>HMtJW2 5nm. y-Mg4mm', 
X f- . 0 1 A/an 1 . SflCO^ftT?. Wtit 

fUW2 5nm» y-HS4mm', X h UX^ifcfit 20 
0. 0 1 A/cm 2 . 1 OO'COSfefrTT, WbiWJE*S5 
C/cm J £Lt£WT£fe©©^-C£>S. SI 6. 7©|g*a> 

6xt;j+j/t 'UggfiirajNUffiBBnofis 3 o »«±r * 

ft e> 0^n D n*^fl*fc[fi]± L . 12 0 fMJLfcrtt 9 5 % 
£J±©&o D D Sg#f# 6 ft £ C £ *«W S „ 
[0 06 5]%fc. ±fBIIWfJSI(CKSSft 

©^stui^casHccffitts n^mss i iwiftociBj 

[ 0 0 6 6 ] WU*. *^<C*Jt^r^3^7^X*- 

a kir u -r ». ^scciiis^Entt] $ ft r ir » -5 jm?jw*m 

^*>«9>SBS«*Effljn-riMCZffifc$Sft*. 
[0 06 7] xtf**V + ^JSS**tf StC&fc-o 

rfc> cvDtcisxfdf+^+^fiSSJcRBeft-r. m 
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B E JC J: x b* £ * •> +• ;l>;&g * tft, » x f * * r ;U ^ 
[0068] 

[»»©*»*] teLktftWt/fc«fc9«:. aWwrctt. xf 
K-^bfcS"J 3>^x-^?:^i,^C<t(C<kO» 
>tgS©SS«:*iCir ? # y > fe %m 

CHffl©inr*asiii] 

[si] i , th«^ i (ctet,»r, BgRww^ 

*#f fflS **««©». OPPS{cJ:S^x-^©gt 
[02] SlltW2. tt«fl2CC*i«,>r. if$+i/ 

[03] HifeWSKfc^T, ib'$*->tJWIi 
[04] ^JSPHKfc^T, itJf^^t^M 

cc^x-^{t&£ss£SfeL, ^©f^affrf^tctews'!? 

x-^affl©^^©«'J3EfeS*^r*SIR12|-e* 5. 
[05] f&fe0U«C:tol,:>T. xt**->i>JUJ&fifff 

{c^x-z^cc^a^jfeb. •e©^Mamrf^«;*5W6') 
4. 

[06] !©Sfi01(4«C*Jlir. xf^ + v' + jUfSg^ 
©^x-^JtfcM-^T Z D B©^ D n n ^©IiM^*^-r 

[07] 1^60*1 4 IC^T, if $*->t^Sf^ 
Oi-^KteWS TDD B©liD a D^©f'J5E*S:§i£^f 
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